INTRODUCTION
Sow longevity plays an important role in economically efficient piglet production (Lacy and Stalder, 2004) . 1 than sows from the other lines. Moreover, the shape of the survival distribution function of the Delkab-Monsanto GPK347 line was different from the other 5 lines. The Dekalb-Monsanto 347 line had lower culling rates because they had lower gilt reproductive failure before the first parity than gilts from the other lines. Within line, sows with lower feed intake and greater backfat loss during lactation had a shorter productive lifetime. Thus, producers should implement management practices having positive effects on sow lactation feed intake. Additionally, the swine genetics industry is challenged to simultaneously improve efficiency of gain of their terminal market pigs and to obtain high feed intake during lactation of their maternal lines for future improvement of sow longevity. Recording sow feed intake and backfat loss during lactation in nucleus and multiplication breeding herds should be considered. Between-line differences in this study indicate that it is possible to select for sow longevity, but more research is needed to determine the most efficient selection methods to improve sow longevity.
Moreover, heritability estimates indicate that genetic variation exists for sow longevity (Tholen et al., 1996; Yazdi, et al., 2000; Serenius and Stalder, 2004) . Thus, one might expect that differences in sow longevity exist among lines available to commercial swine producers. However, comparison of commercial genetic lines has been almost impossible. As a result, limited information is available to producers to allow them to differentiate between genetic lines on the basis of sow longevity.
Reliable comparisons of genetic lines are possible only when environment and management practices are standardized or if parameters can be accurately estimated by appropriate mathematical modeling. The Maternal Line National Genetic Evaluation Program (MLP) was initiated to evaluate reproductive performance and sow longevity of 6 maternal lines available to US swine producers. The program was designed and conducted by the National Pork Producers Council (NPPC) Genetic Programs Committee (Des Moines, IA). A more complete description of the MLP study is presented in Moeller et al. (2004) .
Rapid genetic improvement has been attained for production traits, such as daily gain, G:F, and backfat thickness during past decades. Simultaneously, there has been a decrease in sow longevity . Thus, one might expect that these traits are unfavorably associated. To improve sow longevity, these associations should be known.
The objective of this study was to compare sow longevity of different genetic lines and to evaluate the phenotypic associations of sow longevity with gilt backfat thickness (at 100 kg), ADG (from birth to 100 kg), age at first farrowing, litter size at first farrowing, litter weight at first farrowing, average backfat loss during lactation, and average feed intake during lactation.
MATERIALS AND METHODS
Data in this study were obtained from the MLP conducted by NPPC. Six lines/suppliers included in the study were American Diamond Swine Genetics (Prairie City, IA), Danbred North America (DB; Seward, NE), Dekalb-Monsanto DK44 (St. Louis, MO), Dekalb-Monsanto GPK347 (GPK347; St. Louis, MO), Newsham Hybrids (NH; West Des Moines, IA), and National Swine Registry (NSR; West Lafayette, IN). The DB, DekalbMonsanto DK44, American Diamond Swine Genetics, and NH were maternal lines that were available to commercial producers.
These lines were made by crossing closed lines maintained by each organization to produce females that expressed 100% maternal heterosis and thus were considered to be F 1 females. Defining crossbreds that express 100% heterosis as F 1 is consistent with several reports in the literature (Gregory and Cundiff, 1980; Gregory et al., 1991; Cassady et al., 2002) . These lines consisted of animals with Landrace and Large White-Yorkshires origins in most cases but might have included introductions of other breeds during development of the line. The NSR line was F 1 Yorkshire-Landrace crossbred gilt produced by crossing Landrace boars with Yorkshire gilts, or the reciprocal cross, or both, at purebred cooperator herds.
The GPK347 line was produced by inseminating F 1 females of a cross of 2 Dekalb-Monsanto maternal lines with semen of boars from the Nebraska Index line. The Nebraska Index line was a composite of Large White and Landrace genetic origin that was selected for 16 generations for increased ovulation rate, embryonic survival, and litter size at birth at the University of Nebraska (NPPC, 2000) . Because of the large number of generations separating the Nebraska Index line from the Dekalb-Monsanto lines and the unique selection in its development, the GPK347 line was also considered to be an F 1 .
Sow longevity was determined as a length of productive life and calculated as a time from sow entry to the breeding herd to culling or censoring date. The data set contained performance information on 3,251 gilts, of which 17% had a right-censored longevity record (i.e., sows lived longer than 6 parities; Table 1 ). Of these gilts, 78.4% reached their first parity (i.e., 21.6% of the gilts never farrowed). For this reason, the analyses were carried out in 3 steps. First, line comparisons were made by fitting one baseline hazard function (line in the model) for all lines before examining line differences in longevity. Because the survival distribution functions differed between the genetic lines, this procedure can be considered ad-hoc. However, using this method we were able to determine if one of the genetic lines was superior for sow longevity.
After line comparison, the effects of gilt backfat thickness and ADG on sow longevity were estimated separately for each genetic line. Each genetic line was analyzed separately because the survival distribution functions differed among lines, especially between the GPK347 and the other lines studied (Figure 1 ). Additionally, associations between traits might differ among the genetic lines. For these 2 steps, longevity information was utilized from all the gilts, including the ones that never farrowed. Third, the effects of age at first farrowing, litter size at first farrowing, litter weight at first farrowing, backfat loss during last lactation, and feed intake during last lactation on sow longevity were studied in a way similar to the second approach, but the information was utilized only from sows that farrowed at least once.
Backfat loss during the last lactation before removal was scaled per day of lactation (cm/day), and feed intake during the last lactation was scaled per day of lactation and piglet (kgؒd
). Because feed intake during lactation is lower in the first compared with later lactations, it was adjusted to the fourth parity. The adjustment was implemented using least squares means of lactation feed intake of different parities, including number of piglets weaned in the statistical model. The least squares mean differences from the fourth parity were 1.66, 0.59, and 0.03 kgؒd −1 ؒweaned piglet −1 in first, second, and third parities, respectively. The same adjustment factors were used for all genetic lines. Similarly, ADG from birth to 100 kg and gilt backfat thickness at 100 kg were adjusted according to procedures recommended by the National Swine Improvement Federation (NSIF; NSIF, 1996) .
All analyses were carried out by fitting the proportional nonparametric (Cox) model to the longevity records. The hazard function of a sow's length of productive life, t days after the entrance into the breeding herd, can be written as: where h 0 (t) is the nonparametric baseline hazard function, b is the vector of fixed effects, and x is the corresponding incidence matrix. All effects mentioned above, including the effect of breed in the first analysis, were included in b. Effects of gilt backfat thickness, ADG, age at first farrowing, litter weight at first farrowing, backfat loss during last lactation, and feed intake during the last lactation were included as fixed regressions in b, whereas litter size (small: < 9 piglets; medium: 9 to 13 piglets; large: > 13 piglets) in the first parity was in- cluded as a fixed effect. In addition, the effect of common contemporary group (sow unit + genetic line + entry day; see NPPC, 2000) was included in the vector b. Statistical analyses were carried out with The Survival Kit package (Ducrocq and Sölkner, 2001) .
RESULTS
Sows from the GPK347 line had lower risk of being culled than sows of the other lines evaluated in this Risk ratios are scaled proportional to each line (column) separately. study (Table 2 ). For example, sows from the NSR line had 1.37 times greater risk of being culled than sows from the GPK347 line, the second most robust animals in the current comparison. The survival distribution functions (Figure 1 ) indicate that the greatest difference in sow removal occurred before first parity. Sows from the other 5 lines had difficulties in conceiving their first litter, whereas GPK347 sows did not demonstrate such difficulty. Differences in sow longevity of the other 5 lines in this environment were relatively low.
Estimates of hazard regression coefficients and proportions of the reduction of R 2 in reduced model out of the full model R 2 are presented in Tables 3 and 4 . Regression coefficients indicate the change in risk of sow being culled by 1 unit change in covariate variable. Proportions of R 2 values indicate the importance of effect in the statistical model (i.e., if the ratio is 0, the effect is not giving any extra information about risk of sow being culled).
When all gilts were included in the analysis, and only gilt backfat thickness and ADG were included in the statistical model for each genetic line separately, gilt backfat thickness significantly affected sow longevity, except in the GPK347 line (Table 3) . Estimated hazard coefficients were negative for all the breeds (i.e., the All of the gilts were included in the survival analysis.
2 NH = Newsham Hybrids; NSR = National Swine Registry; ADSG = American Diamond Swine Genetics; DK44 = Dekalb-Monsanto DK44; GPK347 = Dekalb-Monsanto GPK347; and DB = Danbred North America.
3 GiltBF = gilt backfat thickness at 100 kg; ADG = average daily gain from birth to 100 kg. greater the gilt backfat thickness, the lower the risk of sow being culled). When gilts that never farrowed were excluded from the data, gilt backfat thickness was not significantly associated with sow longevity in the GPK347, NH, and DB lines (Table 4) .
Feed intake during lactation and backfat loss during lactation were factors associated with sow longevity for most breeds (Table 4) . Feed intake during lactation had a significant effect on longevity for all lines, except for NH. Similarly, GPK347 and DB were lines that did not demonstrate a significant association between longevity and backfat loss during lactation. Generally, however, lower feed intake and greater backfat loss during lactation were associated with greater risks of sows being culled. Estimated hazard coefficients ranged from −1.40 to 0.05 per kgؒd −1 ؒpiglet weaned −1 for feed intake, and from 2.96 to 13.31 per cm in backfat loss during lactation.
Age at first farrowing in DB line females and litter size at first farrowing in DB and GPK347 line females were significantly associated with sow longevity (Table  4) . Greater age at first farrowing increased the risk of being culled in the DB line. Intermediate litter sizes showed the lowest risk of sows being culled, with the relative risks being 1.6, 1.0, and 1.0 in GPK347, and 1.3, 1.0, and 1.4 in the DB line for small (under 9 piglets born), medium (between 9 and 13 piglets born), and large litters (over 13 piglets born), respectively (data not shown).
Although associations between the most significant effects were of the same magnitude among the genetic lines, associations between various factors evaluated and longevity were significant for some lines whereas in other lines the associations of the same factors were not statistically significant (Tables 3 and 4 ). The same types of differing associations occurred when evaluating full and reduced data sets for the associations of sow longevity with gilt backfat thickness and ADG.
DISCUSSION
The current study was conducted to examine differences in sow longevity among genetic lines and to determine the phenotypic associations of certain economically Table 4 . Estimates of hazard regression coefficients (b) on risk of culling on a given day and percentages of reduction of R 2 (%) in a reduced model (effect is not included in the model) compared with the full model for statistical analysis of sow longevity in each of 6 lines from the National Pork Producers Council Maternal Line National Genetic Evaluation Program .2* †P < 0.10; *P < 0.05; **P < 0.01 denote factors significantly associated (differed from zero) with the length of productive life within line.
1
Only sows that farrowed at least once were included in the survival analysis.
3 GiltBF = gilt backfat thickness at 100 kg; ADG = average daily gain from birth to 100 kg; LW = litter weight at birth; FI = feed intake during lactation; BFloss = backfat loss during lactation; AFF = age at first farrowing; TNB = total number of piglets born.
important performance traits with sow longevity. These objectives were achieved by analyzing data obtained from the MLP, a highly appropriate data set for the objective because no culling due to poor production was allowed until a sow had reached the fourth parity. Thus, associations observed between length of productive life and other traits studied were not affected by selection on performance traits or by sow culling policies associated with reproduction. Moreover, unique variables not normally available in field data but often thought to be related to longevity, including lactation feed intake and backfat loss during lactation were available.
Line Comparison
The GPK347 sows had clearly lower risk of being culled than sows of all other lines studied Differences among the other 5 lines were relatively small. As there is no detailed description about the breeding programs of these lines available in the literature, it is difficult to determine precise reasons for the superiority in sow longevity demonstrated by GPK347 sows. However, GPK347 is known as a line made up of half of the Nebraska selection line that was selected only for sow productivity traits, specifically ovulation rate, embryonic survival, and litter size at birth (Neal et al., 1989; Johnson et al., 1999) , which may explain its superiority, at least in part. This selection may have elicited a positive response in longevity due to favorable genetic correlations, or the superiority may have existed in the base population and been maintained because no selection for increased growth or decreased fat had occurred. These possible explanations are in agreement with unfavorable genetic associations that were found between backfat thickness and longevity in the Finnish Large White population (Serenius and Stalder, 2004) . Moreover, Cassady et al. (2004) found that offspring of GPK347 sows grew slower and had poorer carcass composition than offspring from the other 5 lines studied. In other words, because the GPK347 line has not been highly selected for meat production and growth traits, the unfavorable genetic correlations had not negatively impacted the genetic gain obtained in prolificacy and longevity.
Although the GPK347 line is superior in sow longevity and piglet production (Moeller et al., 2004) , it should be remembered that they are not necessarily the most profitable sows in all commercial production systems. Because pigs produced by GPK347 sows grew slower and had poorer carcass composition (Cassady, et al., 2004) , the total economic impact on pork production must be considered when commercial pork producers are evaluating the use of these females in their operations. Thus, although there is now information available comparing the production prolificacy and sow longevity of different genetic lines, pork producers need to evaluate the results on an individual basis. Economic values differ among production systems, and thus, the ranking of most profitable genetic lines may also differ among pork operations.
Traits Affecting Sow Longevity
In the literature, most studies evaluating sow longevity in commercial herds have concluded that litter size is positively associated with sow longevity (Tholen et al., 1996; Yazdi, et al., 2000; Serenius and Stalder, 2004) . However, that conclusion is not supported by the current results. This is most likely due to the fact that culling of sows due to poor production was not allowed before the fourth parity in the current study. Such culling is common in commercial herds. The association between litter size and sow longevity can be, at least partly, explained by the autocorrelation, i.e., when sows are culled because of small litters, they will automatically have a relatively lower length of productive life.
It should be noted that gilt backfat thickness was significantly associated with sow longevity in all the genetic lines, except GPK347, when the analysis con-tained all gilts. However, the association was not as strong when gilts that never farrowed were excluded from the data set. It may indicate that gilt backfat level affects whether gilts successfully conceive and farrow their first litter, whereas the association between backfat and sow longevity is not as strong for sows that successfully complete their first parity. Yazdi et al. (2000) did not find significant associations between gilts' side backfat measured at field performance test and length of productive lifetime recorded after first farrowing. However, López-Serrano et al. (2000) found both ADG and backfat thickness to be genetically unfavorably correlated with sow stayability. Thus, associations seem to depend on the populations being studied. The consistent associations between gilt backfat thickness and sow longevity estimated using all data raises a question of whether some kind of threshold value may exist for backfat thickness that affect or determine whether a gilt will successfully produce her first litter. More research is needed to determine if nonlinear relationships between sow longevity and the other traits studied do in fact exist.
Based on current results, feed intake and backfat loss during lactation are the factors having the greatest association with sow longevity. Because selection for low feed intake or superior feed conversion ratio (kg of meat/kg of feed) has been practiced for many generations in most breeding programs, the association is unfavorable, at least from the breeding perspective. In other words, if the genetic correlation is similar to the phenotypic one, a challenge exists to select pigs that utilize feed more efficiently without decreasing or depressing the animal's appetite. Moreover, this result indicates the importance of having highly palatable feed available, feeder management, and other management factors designed to increase sow feed intake during lactation.
Although feed intake and backfat loss during lactation were significantly associated with sow longevity, one cannot be sure that selection for appetite will necessarily be beneficial for sow longevity. It may be that poor appetite is a secondary reason for other problems that lead to sow culling. Thus, more research is needed to study the genetic association between feed intake and sow longevity. If a genetic association between feed intake and sow longevity exists, the swine breeding industry should consider recording these traits for use in selection programs. It may be possible to select simultaneously for low backfat thickness and feed intake in market pigs during the weaning to slaughter period, and for low backfat loss and high feed intake in sows during lactation.
IMPLICATIONS
Differences in sow longevity between genetic lines exist. Thus, pork producers have the opportunity to select lines superior for sow longevity based on scientific comparisons. Moreover, the current results indicate that gilt backfat thickness is a critical factor in determining whether a gilt will successfully farrow her first litter and to some extent on later sow longevity. However, feed intake and backfat loss during lactation are primary factors associated with sow longevity once gilts have successfully produced a litter. Thus, producers should focus on management practices having positive effects on sow appetite to ensure the greatest length of productive life. Additionally, the breeding industry should consider recording feed intake and backfat loss during lactation for sows in nucleus and multiplication herds.
